Objective: To develop a practical, valid and reliable chart to assist in the accurate visual characterization of fecal output in patients receiving enteral tube feeding (ETF). Design: A chart incorporating verbal and pictorial descriptors of fecal output was developed. Validity and reliability were assessed by a questionnaire survey of health professionals and a clinical study of patients commencing ETF. Content validity was assessed from the results of the questionnaire, construct validity by contrasting groups analysis, concurrent validity by comparison of the chart with actual fecal weight and inter-rater reliability by independent characterization of the same fecal sample by two nurses. Setting: St George's Hospital, London, UK. Subjects: In all, 35 health professionals completed a questionnaire with respect to the chart. The chart was then used to monitor fecal output in 36 patients commencing ETF for a total of 171 patient-days, during which time nurses used the chart to characterize 269 fecal samples, of which 59 were subsequently weighed. Results: The results of the questionnaire suggested good content validity. The chart demonstrated statistically significant differences in fecal frequency, fecal consistency, fecal score and incidence of diarrhea for contrasting patient groups expected to have different fecal output (Po0.05). The inter-rater reliability was almost perfect for fecal consistency (95% agreement, k ¼ 0.91) and substantial for fecal weight (83%, k ¼ 0.75). In all, 83% of fecal samples were assigned to the correct weight category (k ¼ 0.75).
Introduction
Alterations in fecal output are common in patients receiving enteral tube feeding (ETF). Measurement of this phenomenon relies upon the characterization of fecal frequency, fecal consistency and fecal weight. While frequency is easy to record, the accurate measurement of consistency and weight requires experimental methods. Fecal consistency can be measured by lyophilization, as there is close correlation with fecal water content (Wenzl et al, 1995) , while fecal weight measurement relies upon 24-h sample collection. Given that both of these are impractical in the clinical setting, nurses routinely characterize fecal output visually. However, nurse characterization of fecal consistency has been shown to be only fairly reliable (Allen et al, 1994) , while nurse characterization of fecal weight may overestimate the actual amount (Daffurn et al, 1994) .
Alterations in fecal output during ETF can be severe and diarrhea is a common complication. The term 'diarrhea' suggests that a threshold has been reached that predisposes the patient to deleterious clinical sequelae requiring therapeutic intervention. However, alterations in fecal characteristics have different associated clinical sequelae; an increase in fecal frequency in bed-bound patients requires intensive nursing, a change in fecal consistency in incontinent patients may increase the risk of wound infection due to feces spreading and an increase in fecal weight may increase fluid loss.
The reported incidence of diarrhea in patients receiving ETF is 2-95% (Cataldi-Betcher et al, 1983; DeMeo et al, 1998) . The large variability is due to differences in the patient groups investigated, the method of reporting and, importantly, the definition of diarrhea used. In all, 33 different definitions of ETF diarrhea appear in the literature (Lebak et al, 2003) . These incorporate descriptors of fecal frequency (43 stools/day, 44 stools/day), fecal consistency ('loose stool'), fecal weight (4300 g/day for 2 days) and combinations of the above (42 'liquid' stools/day, 4200 g 'liquid' stool/day). The lack of a uniform definition impairs the comparison of studies of preventative and therapeutic interventions in ETF diarrhea.
In prospective studies, the definition of diarrhea is decided a priori, whereas in clinical practice the diagnosis of diarrhea relies upon the subjective opinion of the health professional, usually the nurse. However, subjective nurse classification of diarrhea during ETF is only fairly reliable (Whelan et al, 2003) . Furthermore, gastroenterologists, nurses and dietitians do not agree on the relative importance of the characteristics used to define diarrhea during ETF (Whelan et al, 2003) .
The primary aim of this study was to develop a practical, valid and reliable method for the characterization of fecal output in patients receiving ETF. The study involved the development of a chart to aid visual characterization of fecal frequency, fecal consistency and fecal weight, followed by an assessment of its validity and reliability in both a questionnaire survey and a clinical study in patients receiving ETF. Based on the assessment of these fecal characteristics, the use of a scoring system to define diarrhea was investigated.
Materials and methods

Chart development
A chart was developed that incorporated descriptors of fecal consistency, fecal weight and fecal frequency (Figure 1 ). Fecal consistency was divided into four categories: hard and formed; soft and formed; loose and unformed; and liquid. These categories have previously been validated by comparison with fecal water content (Bliss et al, 1999) . The verbal descriptors used by Bliss et al (1999) for each consistency category were also included in the chart. Fecal weight was divided into three categories: less than 100 g; between 100 and 200 g; and more than 200 g. These categories were chosen because they encompass the range of fecal weight seen in ETF (Frankenfield & Beyer, 1989) and because smaller weight ranges would be more difficult for nurses to differentiate. This resulted in 12 fecal category combinations. Fecal frequency was incorporated by recording each time feces were passed.
In order to aid accurate visual characterization of feces, the chart incorporated 12 photographs corresponding to each of Figure 1 The final version of the novel chart (r 2001 King's College London). The full chart can be downloaded at http://www.kcl.ac.uk/ stoolchart Assessment of fecal output in enteral feeding K Whelan et al the consistency and weight combinations. Photographs were added to the chart because the use of verbal descriptors alone may cause misinterpretation of actual fecal consistency (Mertz et al, 1995) , while the estimation of food weight is aided by the use of food photographs for comparison (Nelson et al, 1996) . The fecal models were made using predetermined quantities of dried mashed potato, food dye and boiling water. To achieve the correct consistency, each fecal model was made using the percentage of water given from experimental data (Bliss et al, 1999) . Each fecal model weighed that of the midpoint of each weight category. Photographs were taken using a digital camera (Olympus 420, NY, USA) from a distance of 30 cm and edited on a digital photograph editor (Adobe PhotoShop 5.0, CA, USA).
It was intended that the chart be used in two ways. Firstly, alphabetical codes were assigned to each fecal consistency and weight combination to enable physicians, nurses and dietitians to record and communicate fecal output using standard verbal and pictorial descriptors. Secondly, scores were assigned to each of the 12 fecal categories (Table 1) enabling calculation of a daily fecal score by summation of all scores that day. The scores assigned to each of the 12 fecal categories reflected the results of a survey of health professionals who considered fecal frequency to be more important than fecal consistency, followed by fecal weight, when defining diarrhea during ETF (Whelan et al, 2003) . Scores were weighted accordingly, such that an increase in fecal frequency alone would result in a higher score than a change in fecal consistency alone, which in turn would result in a higher score than an increase in fecal weight alone. Scores were cumulative such that an increase in the fecal weight of unformed feces would score higher than an identical increase in the fecal weight of formed feces due to the associated risk of greater fluid loss (unformed feces have a higher water content) and wound infection in bed-bound patients (unformed feces are more likely to spread). Diarrhea was to be classified by an absolute daily fecal score of 15. A questionnaire survey and a clinical study were used to assess the validity and reliability of the chart in characterizing fecal frequency, fecal consistency and fecal weight, together with the validity of the fecal scoring system and a cutoff point to classify diarrhea.
Questionnaire survey A structured questionnaire was designed to assess whether the items in the chart adequately represented the domain of content, in that it contained all of the important characteristics of fecal output and no irrelevant ones. The questionnaire asked if the reviewers considered fecal frequency, consistency and weight as important criteria in defining ETF diarrhea, together with specific questions with respect to the ease of use of the chart. The questionnaire and the chart were sent to a cohort of 58 health professionals in the locality. Consultant gastroenterologists, specialist stroke nurses, intensive therapy unit (ITU) nurses and dietitians were surveyed because they have expertise of both the conceptual and practical framework of fecal output in patients receiving ETF (Grant & Davis, 1997) . Based on the suggestions of the respondents, minor alterations were made to the chart before its implementation in the clinical study. A life-size 10 cm scale was added to allow direct visual comparison and the size of one of the photographs was amended.
Clinical study
Patients commencing intragastric ETF as a sole source of nutrition were recruited from St George's Hospital, London, UK. Patients were recruited from a variety of specialities and wards in order that the chart could be validated in a population representative of those receiving ETF in hospital. Each patient was fed whole protein ETF formula prescribed at a volume to achieve calculated energy expenditure (Osmolite, Abbott Nutrition, 1010 kcal, 136 g carbohydrate, 34 g fat, 40 g protein/1000 ml; mixed with Jevity, Abbott Nutrition, 1050 kcal, 148 g carbohydrate, 34.7 g fat, 40 g protein, 10.6 g fiber/1000 ml). Patients were fed for a maximum of 20 h/day via a pump at rates ranging from 75 to 125 ml/h.
A laminated copy of the chart with alphabetic codes assigned to each photograph was placed in the patient's nursing notes and the aim of the study was explained to the patient's nurse. Each time a patient passed feces, the nursing staff recorded the code from the chart photograph that most closely corresponded to the sample. Fecal output was recorded following the first passage of feces for a maximum of 7 days or until cessation of ETF.
When a patient passed feces during normal working hours, two members of the nursing staff (nurses or health-care assistants) were asked to independently inspect the feces and to assign a code to the sample using the chart to characterize fecal consistency and weight. The sample was then immediately weighed on conventional portable digital scales (Salter, Kent, UK) before any was removed for clinical purposes. The scales weighed up to 3000 g in 1 g increments and were calibrated weekly (accuracy70.2%). Feces in a bedpan were weighed in situ and the weight of the cleaned pan subtracted. Feces in an incontinence pad were weighed and the average weight of a pad subtracted. The nursing staff were chosen to inspect feces because they are routinely Each time a patient passes feces, the sample is characterized using the chart and the associated score is recorded. The daily fecal score is calculated by summation of all the scores that day.
Assessment of fecal output in enteral feeding K Whelan et al involved in toileting patients, emptying bedpans and commodes and changing and cleaning bed-bound, incontinent patients. In doing such duties, they are the health professionals largely responsible for visualizing and recording fecal output in patients receiving ETF and then reporting any alterations to the relevant clinician. The nursing staff inspecting the feces varied depending upon the ward and the shift, which resulted in a wide variety of grades and specialities of nurses being used in the validation. Clostridium difficile-toxin assay and serum albumin concentration were conducted at the request of the patients' physician, nurse or dietitian as clinically indicated. The results of these tests were taken from the hospital results database. The study was approved by the Wandsworth Local Research Ethics Committee and the King's College London Research Ethics Committee.
Validation
The validity of all items contained in the chart was determined from the results of the questionnaire survey (content validity). Fecal frequency characterization using the chart was validated by the contrasting groups method (construct validity). Fecal consistency characterization was validated by the contrasting groups method (construct validity) and reliability was determined by the level of agreement between two independent raters using the chart to assess the consistency of the same fecal sample (inter-rater reliability). Fecal weight characterization was validated by comparing the weight category given using the chart with actual fecal weight (concurrent validity), and reliability was determined by the level of agreement between two independent raters using the chart to assess the weight category of the same fecal sample (inter-rater reliability). The validity of the fecal score and the diarrhea classification point (fecal score Z15) was determined by the contrasting groups method (construct validity) (Bland & Altman, 2002) .
Where construct validity was determined, the following contrasting patient groups were compared because they were expected to have different incidences of diarrhea: patients with a positive C. difficile-toxin assay vs patients with a negative assay (Bliss et al, 1998) ; patients receiving antibiotics vs patients not receiving antibiotics (Bleichner et al, 1997) ; patients with severe hypoalbuminemia (r20 g/l) vs patients with moderate hypoalbuminemia (420 g/l) (Hwang et al, 1994) ; and patients on ITU vs patients not on ITU (Kelly et al, 1983) .
Statistical analysis
All data were analyzed on SPSS for Windows (Version 10.0, SPSS Inc., Chicago, USA). Questionnaire responses were analyzed descriptively. The mean fecal frequency between groups was compared using a two-tailed t-test. The incidence of different fecal consistency categories between groups was compared using the Mann-Whitney test. The mean fecal weight in each weight category was compared using ANOVA. The median daily fecal scores between groups were compared using the Mann-Whitney test because the data were ordinal. The correlation between the daily fecal score and serum albumin concentration was calculated using Spearman's r. The percentage of days with diarrhea was compared between groups using the Chi-squared test (w 2 ). The levels of agreement were determined by the calculation of k coefficients and the strength of agreement compared with standard values (Landis & Koch, 1977) . The sample size calculation was based on detecting adequate reliability since this is an essential prerequisite to an instruments validity. To detect an agreement of 80%, with a power of 80% at the 5% significance level, a minimum of 40 fecal samples would have to be inspected by two nurses (Walter et al, 1998) . Constraints upon nursing time prevented more than two nurses inspecting the same sample.
Results
In all, 35 health professionals involved in the management of patients receiving ETF responded to the content validity questionnaire (60% response rate). These consisted of 11 consultant gastroenterologists, seven specialist stroke nurses, nine ITU nurses and eight dietitians.
Respondents considered fecal frequency (97% of respondents), fecal consistency (94%) and fecal weight (86%) to be important criteria when characterizing fecal output and defining diarrhea in patients receiving ETF and justifies the inclusion of these characteristics in the chart. In all, 89% of respondents thought that the chart would be useful for characterizing fecal output in patients receiving ETF and 91% thought the inclusion of the photographs would enhance the accuracy.
In all, 47 patients commencing ETF were recruited to the clinical study; however, data were only available for 36 of these due to cessation of ETF (n ¼ 6), death (n ¼ 3) or transfer to another hospital (n ¼ 2) before passing feces. Patients represented a variety of clinical specialities including ITU (n ¼ 19), stroke (n ¼ 12), surgical (n ¼ 4) and orthopedics (n ¼ 1), and were located on eight different hospital wards. Patients were monitored for a mean of 4.8 days (s.d.72.2) representing a total of 171 patient-days. During this time, the nursing staff used the chart to characterize 269 fecal samples, of which 59 were passed during working hours and were subsequently weighed. Of the 59 samples weighed, 38 (64%) were collected in incontinence pads, 16 (27%) were in commodes or bedpans and five (9%) were in sheets.
Fecal frequency
The modal and median fecal frequency characterized using the chart was once per day with a mean of 1.57/day (95% CI 1.36-1.78/day). To assess construct validity, the fecal frequency measured using the chart was compared between Assessment of fecal output in enteral feeding K Whelan et al pairs of patient groups expected to have different fecal outputs. Fecal frequency was statistically significantly higher in patients with a positive C. difficile-toxin assay, patients receiving antibiotics, patients with severe hypoalbuminemia (r20 g/l) and patients on ITU than in the respective comparison group (Table 2) .
Fecal consistency
The modal and median fecal consistency for the patient population was 'liquid'. To assess construct validity, the percentage of samples from each fecal consistency category measured using the chart was compared between pairs of patient groups expected to have different fecal outputs. Fecal consistencies were statistically significantly different in patients receiving antibiotics, patients with severe hypoalbuminemia (r20 g/l) and patients on ITU. In each of these cases, there were fewer formed feces and more unformed feces than in the respective comparison group (Table 3 ). The agreement between two different raters using the chart to independently characterize the consistency of the same fecal sample was 95% (k ¼ 0.91), indicating almost perfect agreement (Landis & Koch, 1977) .
Fecal weight
To demonstrate concurrent validity of the chart, two different nurses independently used the chart to characterize the weight of freshly passed feces that were subsequently weighed. Of the 59 weighed fecal samples, 83% were allocated to the correct quantity category (kappa coefficient, k ¼ 0.75). The mean fecal weight and 95% confidence interval (CI) of samples assigned to each quantity category were significantly different and in the correct weight range (Po0.0005). These data and the percentage of samples from each quantity category that were correctly assigned are presented in Table 4 . The agreement between two different raters using the chart to independently characterize the weight category of the same fecal sample was 83% (k ¼ 0.75), indicating substantial agreement. The agreement between raters for characterizing both fecal consistency and fecal weight was 80% (k ¼ 0.78), also indicating substantial agreement (Landis & Koch, 1977) .
Fecal score A daily fecal score was available for each of the 171 patient days. The median daily fecal score for the patient population Assessment of fecal output in enteral feeding K Whelan et al was 8 (range 0-84). To demonstrate construct validity for the score, the median daily fecal score was compared between pairs of patient groups expected to have different fecal outputs. Compared with their respective comparison group, the median daily fecal score was statistically significantly higher in patients with a positive C. difficile-toxin assay, patients receiving antibiotics, patients with severe hypoalbuminemia (r20 g/l) and patients on ITU (Figure 2 ). Patients' serum albumin concentration was shown to correlate negatively with the fecal score for the day on which the blood sample was taken (Figure 3 ).
Diarrhea classification
A daily fecal score of 15 or more was used to classify diarrhea. Of the 36 patients, 23 (64%) experienced diarrhoea, although in nine (39%) of these patients diarrhea occurred for only 1 day. This highlights the problem of using the percentage of patients who had diarrhea as an outcome and as such it is recommended that the percentage of patientdays with diarrhea is used (Bliss et al, 1992) . In this patient population, diarrhea was experienced on 29% of patient days. To demonstrate construct validity of the cutoff point for classifying diarrhea, the percentage of patient days with diarrhea was compared between pairs of patient groups expected to have different incidences of diarrhea. Compared with their respective comparison group, the percentage of patient-days with diarrhea was statistically significantly higher in those with a positive C. difficile-toxin assay, those receiving antibiotics, those with severe hypoalbuminemia (r20 g/l) and those on ITU (Table 5) .
Discussion
The visual characterization of fecal output and diarrhea in patients receiving ETF is poorly standardized. The aim of this study was to develop a valid and reliable method for visual characterization of fecal output in this patient group using a practical chart. The use of such a chart may improve the comparability of future research studies and improve communication and subsequent patient management in clinical practice. The use of the chart to characterize fecal consistency demonstrated construct validity and inter-rater reliability. Previous studies investigating visual characterization of fecal consistency have shown variable validity and reliability. The use of verbal descriptors of fecal consistency correlates with fecal water content in healthy subjects and patients with chronic diarrhea (Wenzl et al, 1995) or fecal incontinence (Bliss et al, 1999) . However, the understanding of verbal descriptors of fecal consistency varies between patients, whereas the use of pictorial descriptors correlates with the symptoms of both patient and physician definition of diarrhea (Mertz et al, 1995) . The combined use of verbal and pictorial descriptors is slightly more reliable than the use of verbal descriptors alone when subjects characterize fecal consistency (k ¼ 0.74 vs 0.68, respectively) (Bliss et al, 2001) . Interestingly, the reliability of fecal consistency characterization in the current study (k ¼ 0.91) was higher, despite the use of identical consistency descriptors, which may be Assessment of fecal output in enteral feeding K Whelan et al attributable to the use of color photographs as opposed to line drawings. Furthermore, the reliability shown here is much higher than that of a previous study where nurses characterized fecal consistency using four verbal descriptors (k ¼ 0.25) (Allen et al, 1994) .
The effect of using pictorial descriptors on the accuracy of categorizing fecal weight has not been published previously. The use of the chart to characterize fecal weight demonstrated substantial concurrent validity and inter-rater reliability, despite the majority of samples being collected in incontinence pads. The chart may be a useful instrument in research and clinical practice where categorization of fecal weight is required, but the weighing of fecal samples is impeded by the sample being collected in incontinence pads. However, there was a trend towards smaller samples being less accurately assigned than larger samples (Table 4 ). This supports the previous studies demonstrating that nurses tend to overestimate fecal weight (Daffurn et al, 1994) .
Scoring systems are routinely used in healthcare as a convenient method of combining discrete clinical variables into a single quantifiable value. In the research setting, they may be used to compare treatment effects in interventional studies and in the clinical setting to guide patient management. The validity of the proposed scoring system to characterize fecal output and diarrhea in ETF was investigated here. The daily fecal score and the classification of diarrhea (daily fecal score Z15) show good construct validity because they were able to demonstrate differences in patients known to be at a greater risk of diarrhea. It is particularly noteworthy that they were able to differentiate between patients with a positive and a negative C. difficile-toxin assay because laboratory analysis was only requested for patients whom clinicians already considered to have diarrhea.
Scoring systems have previously been used to evaluate fecal output in patients receiving ETF. Hart and Dobb (1988) developed a scoring system that has been used to classify diarrhea in a number of studies, despite the validity and reliability having never been measured (Bleichner et al, 1997; Spapen et al, 2001) . Direct comparisons of the Hart and Dobb (1988) score with the current chart are difficult because the consistency and volume categories, the scoring system and the cutoff point for the classification of diarrhea are different. However, using the Hart and Dobb (1988) score, the passage of a single liquid stool of more than 250 ml would result in the classification of diarrhea, whereas the scoring system of the current chart is such that the single passage of feces could not result in a score, indicating diarrhea. This reflects the importance assigned to fecal frequency when health professionals define diarrhea during ETF (Whelan et al, 2003) . Guenter and Sweed (1998) adapted the Hart and Dobb score and assessed the validity and reliability in a prospective clinical study in patients receiving ETF. The inter-rater reliability for nurse characterization of fecal consistency and weight was good, although the validity of characterization was not assessed. The scoring system was able to differentiate between patients whom nurses perceived to have diarrhea and patients with a positive C. difficile-toxin assay, but not for patients on ITU or patients receiving antibiotics.
The use of the scoring system in the research and clinical setting raises interesting issues requiring further investigation. The summation of the score may obscure the severity of the alterations of the different fecal characteristics. A greater understanding of the effect of alterations in fecal frequency, consistency and weight on clinical sequelae is required. Similarly, a cutoff point to classify diarrhea should ideally reflect a threshold above which negative clinical sequelae are more likely to occur and clinical intervention is required. Future investigation may well focus on the effect of alterations in different fecal characteristics, and the use of a cutoff point to classify diarrhea, on clinical sequelae and patient management. The chart provides a useful mechanism by which this could be investigated.
In conclusion, the chart has good content, concurrent and construct validity and inter-rater reliability. The chart is a practical, valid and reliable instrument for the characterization of fecal frequency, fecal weight and fecal consistency. The fecal score provides an indication of the severity of fecal output and a cutoff point is proposed as a threshold for classifying diarrhea. The use of the chart in both research and clinical practice will aid uniform characterization of 
